Solution scattering structural analysis of the 70 S Escherichia coli ribosome by contrast variation. II. A model of the ribosome and its RNA at 3.5 nm resolution.
Selectively deuterated 70 S E. coli ribosomes and isolated 30 S and 50 S subunits were analyzed by X-ray and neutron solution scattering. The resulting contrast variation data set (42 curves in total) was proven to be consistent in describing the ribosome as a four-phase system composed of the protein and rRNA moieties of both subunits. This data set thus provides ten times more information than a single scattering curve. A solid body four-phase model of the 70 S ribosome at low resolution was built from the envelope functions of the 30 S and 50 S subunits and of those of the corresponding RNA moieties. The four envelopes were parameterized at a resolution of 3.5 nm using spherical harmonics and taking into account interface layers between the phases. The initial approximation for the envelopes of the subunits was taken from electron microscopic data presented recently by J. Frank and co-workers (Albany); the rRNA envelopes were initially approximated by spheres. The optimization and the refinement of the model proceeded by non-linear least squares minimization fitting the available experimental data. The refined envelopes of the subunits differ by about 10% from the starting approximation and the shape of the final 70 S model lies between the outer envelopes of the models by Frank and by M. von Heel & R. Brimacombe (Berlin). The rRNA moiety in the 30 S subunit is more anisometric than the subunit itself, whereas the rRNA of the 50 S subunit forms a compact core. The rRNAs protrude to the surfaces of the subunits and occupy approximately 30 to 40% of the corresponding surface areas. X-ray scattering curves of the two main functional elongation 70 S complexes (pre- and post-translocational) differ only marginally from those of the non-programmed ribosomes, suggesting that the low resolution four-phase model is also valid for the elongating 70 S ribosome.